Five anthocyanins, delphinidin 3-O-rutinoside, cyanidin 3-O-rutinoside, petunidin 3-O-rutinoside, malvidin 3-O-glucoside and malvidin 3-O-rutinoside, were identified. Three anthocyanins, delphinidin 3-O-glucoside, cyanidin 3-O-glucoside and pelargonidin 3-O-rutinoside, were putatively identified based on C18 HPLC retention time, absorption spectrum, including λmax, and comparisons with those of corresponding standard anthocyanins, as the compounds responsible for the pink to purple-red pigmentation of the bracts of Curcuma alismatifolia and five related species. Cluster analysis based on four major anthocyanins formed two clusters. One consisted of only one species, C. alismatifolia, and the other consisted of five. Each cluster further formed sub-clusters depending on either species or habitats.
Curcuma arismatifolia Gagnep., a domesticated ornamental plant, is a member of the ginger family (Zingiberaceae). The species is commonly found wild in various habitats in Thailand. Since its introduction as an ornamental plant in early 1980, a large number of plants have been collected directly from the wild both for local consumption and for export [1] . Similarly, genotypes of Curcuma species are native to tropical Asia and have been cultivated as ornamental plants because of their large, showy, concave, or hooded bracts [2] . Thus, C. arismatifolia and its related species, such as C. glacillima, C. harmandii, C. myanmarensis, C. rhabdota and C. sparganifolia, have recently became popular as ornamental plants in Japan, where they are produced as commercial cut flowers or as potted plants in dwarf forms [3] . Except for white and green bracts, the pigmentation of bracts is mostly pink to purple-red. Therefore, one of the breeding objectives of Curcuma flowers is the creation of color varieties. As for pigments, an existence of malvidin 3-Orutioside in the bracts of C. arismatifolia was only confirmed based on HPLC and NMR analyses [4] . We analyzed the bracts of several Curcuma species in detail and found the existence of several kinds of anthocyanins. We tried to identify these from Curcuma species, including C. arismatifolia, and to elucidate the relationship between these Curcuma species based on a multivariate analysis of anthocyanin composition.
At least eleven peaks of anthocyanins were detected in the bracts of six Curcuma species, C. alismatifolia, C. cordata, C. globba, C. myanmarensis, C. rhabdota and C. sparganifolia (Figure 1 ), although a minimum of four and a maximum of ten were found in the different accessions (Table 1) , but anthocyanin was not detected in the white bracts of three Curcuma species, C. glacillima, C. harmandii and C. parviflora, as well as the white bracts of C. alismatifolia 'Maejo Jasmine' (data not shown in Table 1 ).
Five anthocyanin peaks, A2, A4, A6, A10 and A11, were identified as delphinidin 3-O-rutinoside, cyanidin 3-O-rutinoside, petunidin 3-O-rutinoside, malvidin 3-O-glucoside and malvidin 3-O-rutinoside, respectively, with the complete coincidence of each HPLC retention time, absorption spectrum between 200 nm and 600 nm and λmax of the corresponding standard anthocyanins. Additionally, three other anthocyanin peaks, A1, A3 and A7, were putatively identified as delphinidin 3-O-glucoside, cyanidin 3-O-glucoside and pelargonidin 3-O-rutinoside, respectively, because of the complete coincidence of each HPLC retention time, absorption spectrum between 400 nm and 600 nm, and λmax with the corresponding standard anthocyanins, but each absorption spectrum between 200 nm and 400 nm was hindered ( Table 2 ).
The existence of cyanidin and delphinidin indicates that both the flavonoid 3´-hydroxylase and flavonoid 3´,5´-hydroxylase genes are active in Curcuma species. Similarly, the existence of petunidin and malvidin indicates that the 3´-and/or 5´-O-methyltransferase gene is active in the species. It is generally understood that hydroxylation decreases the stability of anthocyanin, whereas methylation increases it [5] . This may support the reasons for the relatively high contents of malvidin 3-O-rutinoside and petunidin 3-O-rutinoside in C. alismatifolia, C. rhabdota and C. sparganifolia. On the other hand, both anthocyanin 3-O-glucosides and anthocyanin 3-Orutinosides were found in all the colored bracts tested. This may suggest that rhamnosylation occurs subsequent to glucosylation and then anthocyanin rutinoside is formed. Thus, the above results support the possible anthocyanin metabolism map of Curcuma species shown in Figure 2 . (Table 3) , the cluster analysis formed two clusters, A and B (Figure 3 ). Cluster A consisted of only one species, Curcuma alismatifolia, but formed two sub-clusters, which might represent a variation based on either cultivar or habitat, as shown in morphological variations of C. alismatifolia [6] . Cluster B consisted of five species, C. cordata, C. globba, C. myanmarensis, C. rhabdota and C. sparganifolia, which formed two large subclusters. One included C. rhabdota and C. sparganifolia, although both species formed an independent cluster from each other. In the other, C. cordata and C. myanmarensis formed a sub-cluster, which suggests that both species are consanguineous. As the bracts of C. glacillima, C. harmandii and C. parviflora, which have no pigmentation, contained no anthocyanin as well as the white bracts of C. alismatifolia 'Maejo Jasmin', they were eliminated from the dendrogram. Thus, the dendrogram data suggests that kind and density of anthocyanins might be a factor deciding the difference between Curcuma species.
